The Internet is an efficient information search tool whose growth may have caused a structural change in information search and acquisition behaviors. This study investigates the effects of growing Internet accessibility on these behaviors. Using U.S. public library circulation counts to quantify changes in the use of information resources, the analysis indicates that greater Internet accessibility contributes to increased demand for traditional information sources. That is, a complementary relationship exists between Internet and traditional sources. Further, the results suggest that limiting Internet access can reduce the demand for traditional content. These outcomes imply that improvements in Internet accessibility can have profound effects on human capital development.
The Impact of the Internet on Information Searching and Demand for Traditional Information Resources
The Internet has become an indispensable tool for locating and acquiring information. This is primarily due to a rapid expansion of both Internet accessibility and content during the latter part of the 2000s. For example, the number of residences using high-speed Internet grew from 1.7 million in 1999 to 79 million in 2008 (Federal Communications Commission).
1 Furthermore, Internet content grew from one billion unique web pages in 2000 to over one trillion by (Google Blog 2008 . This accessibility and content growth has had broad impacts on the behaviors of individuals and businesses. Numerous studies provide empirical evidence of these impacts in labor markets, economics development, and education. 2 However, these studies do not explicitly address the underlying reasons for these impacts: individuals' responses to competing information resources brought about by increased Internet accessibility.
A better understanding of these responses may be attained by modeling and quantifying changes in information search and acquisition behaviors toward traditional and Internet information resources.
The impact of growing Internet access on individuals' information search and acquisition behaviors may be revealed through changes in individuals' demands for existing information content, available in books and other traditional information sources. One effect of Internet growth is a reduction in the use of traditional sources. The Internet offers a vast amount of broad information on almost any topic, substituting away from content traditionally obtained using existing information sources. The Internet may alternatively increase traditional content use due to an increase in the speed and efficiency of locating the information content. Evidence of either a 1 High-speed Internet is characterized by a connection that provides access to the Internet with speeds of at least 200 kilobytes per second.
2 For example, see Autor, Katz, and Krueger (1998) ; Crandall, Lehr, and Litan (2007) ; VanGaasbeck (2008) ; Kolko (2010) . net substitution or net complementary effect can substantially improve the understanding of how Internet growth continues to affect the behavior of individuals and businesses. Consequently, this understanding can provide important inferences about long-term economic impacts on human capital development as a result of expanding Internet accessibility and content.
Public libraries are ideal locations to investigate Internet impacts. Traditionally, libraries have been a low-cost resource for obtaining information content from sources including print, audio, video, and static electronic materials such as databases. In addition, libraries have also been a primary location to search for information. Studying the Internet's impact on the demand for these traditional information sources can help better understand economic effects of the Internet as another information source. We first provide a stylized depiction of structural change in the information content search and acquisition process resulting from the introduction of the Internet. We then describe the empirical specification for modeling the simultaneous decisionmaking process of both individuals and public libraries. This is done by modeling individuals who choose to use Internet and/or traditional information sources to obtain information content, libraries who choose to alter quantities of traditional content (i.e., collections), and how both sets of choices affect succeeding decisions of both individuals and libraries. Furthermore, by modeling the simultaneous availability of the Internet and traditional information sources, we explicitly account for trade-offs that individuals face when searching and acquiring information content.
Using the simultaneous decision model, we estimate the effect of residential Internet access on the demand for circulated library materials. The empirical analysis results provide evidence that changes in residential Internet accessibility affect individuals' information search and acquisition behavoirs. Specifically, increased residential Internet access contributes to a net increase in the quantities demanded of traditional information content. The complementary relationship suggests that individuals may use the Internet to enhance their information search process for content in traditional information sources. That is, the Internet permits individuals to engage in sequential information searches, first acquiring broad information on a particular topic on the Internet as well as the location of specific dense information in traditional sources. This finding reveals the importance of promoting further growth in Internet accessibility and content, because this growth contributes to long-term improvements in individuals' abilities to locate and acquire a greater amount of information.
Information Search and Acquisition Process
To model the information search and acquisition process, we assume that individuals seek to minimize costs associated with searching and acquiring information.
3 These costs can be characterized by the following function:
The term represents an individual's existing knowledge about a topic and is the individual's human capital associated with skills for locating and acquiring information. Larger amounts of existing knowledge and search skills are expected to reduce an individual's search costs. The set of terms 1 . . . characterize the number of available resources and tools for performing information searches. Increases in the quantity of search resources are also expected to lower search costs. Lastly, the terms 1 . . . denote available information spaces containing sources of information content, Ω. An information space can therefore be characterized as = ∑ Ω.
Information contained in each source, Ω, can be described by the breadth and density of knowledge about a topic. Information breadth describes the range of knowledge and density denotes the level of detail and complexity of knowledge. For example, a text intended for an introductory economics course encompasses information on many different topics of economics (broad information source), but does not provide much detail about any particular topic (low information density). Conversely, a text focusing on a single economics topic (narrow information source) provides a lot of detail and complexity about that topic (high information density). Generally, breadth and density are inversely related, such that an information source containing broader knowledge about a topic will include less detail and complex information about that topic.
Information spaces are assumed to contain information sources with comparable information breadth and densities. This allows information spaces to be ranked according to the characterization of information content in each space. For example, 1 denotes a space containing information sources with very broad and low density content, and represents a space with narrow and dense content. Therefore, the breadth of information is monotonically decreasing and density is increasing with information space rank.
An objective of information searches is locating and acquiring information content about a particular topic with a desired breadth and density of information. Individuals are assumed to minimize costs associated with information searches by performing a sequential search process.
First, individuals use their existing knowledge, , about a topic to select an information space in which to perform an initial search for information content. Individuals with little or no existing knowledge will likely choose an information space with the broadest and least dense information sources. These sources provide general information about the topic and direct the individual to more dense information sources. Less dense information spaces likely contain information about more dense information sources (e.g. citations). Alternatively, individuals who have existing knowledge may choose an initial information space with narrower and denser information sources. Next, if more narrow, dense information is desired, then individuals use their search skills, , and information from the lower ranked information space to move to a higher ranked information space, which contains sources with narrower and denser content.
This sequential process continues across information spaces until individuals reach a space with sources containing the desired breadth and density of information about a topic. By using broad, less dense information available in lower ranked information spaces, individuals follow an optimal search path for locating and acquiring more dense information, minimizing their search costs.
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A visualization of a sequential search process is depicted in Figure 1 . For a particular topic, the figure presents four information spaces containing information source with different information breadths and densities. In information space 1 (top-most space), the associated information sources contain very broad and least dense information content. This space is represented by a wide (broad) and thin (least dense) block. Conversely, information space 4 is characterized by narrow, thick blocks, which denote sources with the least broad and most dense information. Individuals with little existing knowledge about a topic and who want to attain dense information would minimize search costs by seeking initial information from sources in space 1, and sequentially following search paths (arrows in Figure 1 ) to locate an information source of desired breadth and density. In the figure, individuals who minimize their search costs are those that follow the least number of search paths from the initial information space to the terminal space. containing an almost limitless number of sources with broad information of relatively low density. In Figure 1 , we depict the Internet as information space 1. In this space, individuals can learn the most broad information about a topic and gain insight into the optimal search path for more narrow, denser information. Therefore, individuals use information acquired on the Internet to effectively locate the information space and source with the desired information content. By providing an information space that can be used as an effective starting point for almost any information search, the Internet can improve the sequential search process and minimize individuals' search costs.
Modeling the Demand for Information Sources
Changes in individuals' information search behaviors caused by Internet growth may be characterized by two opposing effects on the use of denser, traditional information sources.
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One effect is a decrease in the demand for traditional information sources due to individuals' use of the Internet to more effectively locate and acquire broad, low-density information content.
Rather than using multiple dense information sources to acquire a broad understanding of a topic, individuals acquire information using the Internet. An opposite effect is characterized by an increase in the demand for traditional information sources, because the Internet increases the efficiency of the sequential search process. Either of these two effects can dominate, altering the demand for traditional information sources. If the demand for traditional resources increases when individuals obtain access to the Internet, the Internet contributes to a higher overall demand for information content.
We estimate the impact of Internet growth on individuals' information search behaviors by quantifying the net effect of the Internet on the demand for traditional information sources.
Specifically, we consider the impact observed in public libraries. We assume that individuals patronize public libraries to acquire information content and public libraries supply two types of information content sources: traditional sources and in-library Internet access. Traditional sources are represented by collections from which patrons can borrow items. Demand for each collection is characterized by annual circulation, which is a measure of the total number of times patrons borrow from the collection. Libraries also provide patrons with Internet content through public-access computers. Demand for in-library Internet use is characterized by the annual number of Internet sessions initiated by patrons. We assume that a library maximizes the use of all information sources, and the maximization is represented by the following aggregate demand function:
In period , the th quantity demanded of information source ( ) is expected to be a function of quantities demanded of other sources (Q −j t ), the collections' sizes (C t ), patrons' ability to access the Internet outside of the library ( ), and other factors (X t ). The set of information source demand functions are denoted as follows:
Libraries are unable to alter available Internet content, and must therefore accept changes in Internet content as exogenous. However, libraries may be able to affect quantities of information content demanded through changes in quantities of traditional information sources (i.e., collections). Information sources can be directly altered by a library through changes in the stocks of each th collection. The quantity of collection is expected to be a function of all other collection sizes ( − ), the proportion of total operating revenue contributed to the acquisition of new materials ( ∑ / ), capacity and budget constraints ( ), total operating revenue, the collection's depreciation rate ( ), and the quantities demanded of traditional information and in-library Internet sources ( ). 7 The set of collections are denoted as follows:
Equation sets (3) and (4) 
Issues in Estimation
Quantifying the effects of residential Internet accessibility on the demands for traditional information sources requires consideration of three dynamics: (1) traditional and Internet content are simultaneously available to patrons; (2) patrons' decisions to use a particular information source may be endogenous to their use of alternative sources; and (3) demand for both types of 7 A full description of factors affecting the size of a collection is available in the Appendix.
information sources may be endogenous to collection quantities. Appropriately accounting for these dynamics requires that equation sets (3) and (4) be estimated simultaneously. The system of simultaneously estimated equations is represented as follows:
The set of equations { 
Data Description and Empirical Specification

Empirical Specification
The panel data are used to estimate the following system of simultaneous equations:
10 Population data are adjusted by the IMLS to eliminate overlapping service areas. 11 Although a better measure of residential Internet access can be envisioned, the number of Internet service providers is the best available indicator. Furthermore, the number of ISPs is strongly exogenous to patron and library behaviors and the measure has been used to represent residential Internet availability in numerous other studies. For example, see Crandall, Lehr, and Litan (2007) ; Kolko (2010) .
12 Demographic data by city or Zip code are preferred, but these data are not available. Because different library outlets are aggregated into a single library system, county-level statistics provide an appropriate proxy for demographics of a library system's service area population.
13 By standardizing variables, marginal effects of an explanatory variable are measured in standard deviations. That is, an estimated marginal effect describes the change in standard deviations of the dependent variable from a one standard deviation change in the associated explanatory variable (Pindyck and Rubenfield 1997) . The absolute values of estimated marginal effects can be ranked to indicate the relative importance of each modeled variable in explaining variation of the dependent variable. In the simultaneously estimated model, instrumental variables (IVs) are chosen to identify the six endogenous variables: changes in circulated adult materials, circulated children's 14 Because available data are annual, it is expected that libraries are able to alter input decisions throughout the year and that these variations are accounted for in the modeled variables. Similarly, effects of input changes on patrons' content use behavior is also reflected in the annual data.
15 Changes in a library's square footage are used to indicate expansion or contraction of the library facility. This is used as a characterization of the facility component in the capacity constraint, as described in the Appendix. To empirically analyze the impacts of expanding residential Internet accessibility and inlibrary Internet use, we estimate the model in equation (6) and present the results in Table 2 .
These results indicate that after controlling for factors such as income, greater access to residential Internet has a positive, statistically significant (1% level) effect on the circulation of These results can be directly related to the previously described model of the information search and acquisition process. Prior to the Internet, individuals with little existing knowledge on a topic may have engaged in information searches that were associated with large opportunity costs of time. Greater accessibility to the Internet, however, substantially lowered these costs, 18 Furthermore, access to more detailed information may not be freely available due to copyright laws. to residential Internet, and unemployment rates.
Conclusion
The expansion of Internet content and reduction in access costs have led to widespread adoption as an information retrieval tool. This may primarily be due to the Internet providing a faster method for accessing broad information content and substantially reducing search costs through improved sequential search capabilities. Consequently, changes in the demand for Internet content may have altered individuals' and firms' decisions to use existing information sources.
This study is the first to quantify these changes through an analysis of U.S. public libraries.
Specifically, we estimate how changes in the availability of residential Internet access affect patrons' demands for traditional information sources in public libraries. Furthermore, we measure how these changes affect libraries' decisions to provide traditional information sources and the effects of these decisions on patrons' demands. Observations: 45,410 Weighted R-squared for estimated system: 0.316 ***, **, * indicate statistical significance at the 1%, 5%, and 10% level.
"Adult circulation," "Child circulation," "Internet use," "Print collection," "Audio collection," and "Video collection" indicate parameter estimates on lagged dependent variables when each corresponds to the column's dependent variable. For example, in the Adult Circulation column, "Adult circulation" represents "Adult circulation −1 ". Basmann (1960) test for overidentifying restrictions. The test statistic is reported and the value in brackets represents the associated p-value. : represents an information source. Wider, thinner blocks denote sources containing broad, less dense information content, generally containing little detail about any particular topic (e.g. the Internet). Narrow, deeper blocks represent sources containing narrow, dense information content about a specific topic (e.g. manuals, academic journals).
: represents a path from a broader, less dense source to a narrower, more dense information source. Information available in a higher (more broad) information space can lead to space containing sources with narrower and denser information content. 1999 -2008 
